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This paper reports on students 1 ability to decode mathematical graphics. The findings were: 

(a) some items showed an insignificant improvement over time; (b) success involves 
identifying critical perceptual elements in the graphic and incorporating these elements into 
a solution strategy; and (c) the optimal strategy capitalises on how information is encoded 
in the graphic. Implications include a need for teachers to be proactive in supporting 
students 1 to develop their graphical knowledge and an awareness that knowledge varies 
substantially across students. 

Numeracy has been a priority within Australia for the past decade with a national 
agenda that includes substantial investment in numeracy initiatives and the monitoring of 
achievement through national testing of Years 3, 5, 7 and 9 students. Underlying these 
directions is the goal of developing a numerate society in which citizens can cope with the 
mathematical demands of life at school, at home, at work, and in the community. However, 
we contend that the achievement of the numeracy goal is dependent (at least in part) on 
developing students 4 proficiency in decoding the range of graphics that are used for the 
communication and organisation of mathematical information. The purpose of this paper is 
to examine how knowledge of information graphics influences success in mathematics 
through an investigation of students 4 performance on items with embedded infonnation 
graphics. In Hill, Ball, and Schilling's (2008) terms, we are investigating the knowledge 
and content of students (KCS), which is one of three components of pedagogical content 
knowledge (PCK). As a background, we present an overview of information graphics and 
how expertise develops. Following the results of the investigation, we consider the findings 
in relation to the knowledge of content and teaching (KCT), another component of PCK. 
(The final component of PCK relates to knowledge of curriculum.) 

Background 

The Content of Information Graphics 

In mathematics, information graphics convey quantitative, ordinal, nominal or spatial 
infonnation via perceptual elements (Mackinlay, 1999). These elements are position, 
length, angle, slope, area, volume, density, colour saturation, colour hue, texture, 
connection, containment and shape (Cleveland & McGill, 1984). Although infonnation 
graphics is a burgeoning field (Harris, 1996), there are six -graphic languages” that li nk 
perceptual elements via particular encoding techniques (Mackinlay, 1999). Examples from 
the six graphic languages, their perceptual elements and encoding techniques are described 
in Table 1 and shown in the Appendix. To capitalise on the power of each graphic 
language, students need to understand the constraints and affordances of each encoding 
technique. For example, if quantitative information is known about one segment on a pie 
chart, infonnation can be inferred about another segment on the same pie chart based on its 
relative size (Affordance) but not about a segment on a different pie chart (Constraint). 
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Table 1 

Examples of Graphic Languages 



Graphic 

Language 


Example 

Items 


Perceptual 

Elements 


Encoding Technique 


Axis 


Numberline 


Points, line, 
position 


Each position encodes infonnation 
by the placement of marks on axis. 


Apposed- 

position 


Line Graph 


Points, line, 
position 


Infonnation is encoded by a marked 
set positioned between two axes. 


Map 


Street Map 


Points, line, 
position 


Infonnation is encoded through the 
spatial location of marks on a grid. 


Retinal-List 


Llip Item 


Shape, position, 

connection, 

containment 


Retinal properties of shape and 
orientation are used to encode 
information. These marks are not 
dependent on position. 


Connection 


Game 


Shapes, line, 
connection 


Infonnation is encoded by a set of 
shapes connected by a set of lines. 


Miscellaneous 


Pie Chart 


Shapes, angles, 
containment 


Infonnation is encoded through 
angles and containment. 



The Development of Expertise with Graphics 

Expertise in communication involves proficiency in both the semantic and syntactic 
dimensions of a language. Like written language, infonnation graphics have a semantic 
dimension (e.g., perceptual elements) and a syntactic dimension (e.g., organisation of 
elements within a graphic). However, unlike (typical) written language, which utilises a 
sentential mode of communication and requires sequential (cognitive) processing to extract 
meaning, the syntactic dimension of graphics is underpinned by a visual-spatial mode of 
communication and requires simultaneous processing to decode information. Thus, 
expertise with infonnation graphics will be quite distinct from expertise in written 
language. Within the domain of graphics, expertise should be characterised by three stages 
of capability according to Alexanders (2003) Model of Domain Learning (MDL). At the 
acclimation stage, students are orienting to a new domain and knowledge will be limited 
and fragmented; at the competence stage, individuals have foundational and 
comprehensive knowledge of the domain; at the proficiency stage, individuals have 
breadth and depth of knowledge and may contribute new knowledge to the domain. 

Design and Methods 

This study employed a longitudinal design to monitor the development of students 4 
ability to decode graphics in mathematics items and to solve these items. Students 4 ability 
was investigated using a multi-method approach. The research questions were: 

1 . How do students perform on graphic languages over time? 

2. How do students solve items from particular graphic languages? 

The Graphic Languages in Mathematics ( GLIM ) Instrument and Participants 

The GLIM instrument. This is a 36-item multiple choice test that contains six items of 
varying difficulty from each of the six graphic languages. The items were sourced from 
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published tests that have been administered to students in the mid-late primary years. Due 
to the limited Connection items in mathematics tests, some content free items from science 
tests were also included. A full description of the GLIM instrument is presented elsewhere 
(Diezmann & Lowrie, 2009a). The GLIM test was administered in mass testing situations 
over three consecutive years when students were in 9 Years 5, 6 and 7. Items were scored 1 
and 0 for correct and incorrect responses respectively. Students 4 performances were 
calculated on each language subtest (max. score = 6) and the overall test (max. score = 36). 
Also, over a 3 -year period, different cohorts of students were progressively interviewed on 
sets of twelve GLIM items commencing with the easiest pair of tasks in each graphic 
language. After completing each pair of items, students then justified their multiple choice 
response. The interviewer probed their reasoning but no scaffolding was provided. Here we 
report on five of these items (See Appendix, Items 1, 20, 27, 28 and 36). 

Participants. There were three cohorts of participants. Cohort 1 was drawn from two 
Queensland and five New South Wales schools and completed the mass testing only. This 
cohort commenced with 371 students in the first year of the study when students were aged 
approximately 10 years and subsequently reduced to 352 and 325 in successive years. 
Cohort 2 (N = 67) and Cohort 3 (N = 47) were sourced from two Queensland and three 
New South Wales schools respectively. In the results, the interview cohorts are indicated 
by Cohort number (C2 or C3) and year level (Qld) or grade level (NSW). Students were 
aged 10 years in the first year of their 3 -year set of interviews. 

Results and Discussion 

The results are presented in two parts according to the research questions. Part 1 presents 
students 4 performance on GLIM over time. Part 2 reports on students 4 solutions and their 
difficulties with GLIM items from five languages excluding Connection languages. 

1. How do Students Perform on Graphic Languages over Time? 

An Analysis of Variance (ANOVA) (year by correct score) revealed statistically 
significant differences between the students performances on the GLIM test over a 3 year 
period [F(2,1047) = 91.76, p<0. 001] with students 4 performance increasing at a significant 
rate in each of the three years of the study (Table 2 provides means and standard deviations 
for total score correctness). Performance increases were statistically significant across ah 
six languages in each of the three years of the study (see Lowrie & Diezmann, in press). 

The second level of analysis distinguished participants 4 performance on mathematics 
and science items over a three-year period (Years 5 to 7) with means and standard 
deviations for the two content categories presented in Table 2. (Recall, some of the items 
in the GLIM test were science items because there were insufficient mathematics tasks in 
some graphic languages.) An ANOVA (year with content category) revealed a statistically 
significant difference between the performance of students across mathematics 
[F(2,1047) = 86.71, p<0. 001] and science [F(2,1047) = 58.27, p<0. 001] content categories. 
Subsequent post hoc analysis revealed statistically significant differences in the 
performance of students between Year 5 and Year 6 and Year 6 and Year 7 for both 
mathematics and science categories [at /;<().()() I for each of the six /-tests]. 



9 In mass testing results, Year levels are reported as for Queensland students. Year levels for New South 
Wales students of an equivalent age are one year earlier (i.e. , Year 7 in Qld = Grade 6 in NSW). The use of 
the term -Grade” signifies a typical NSW age cohort rather than its QLD age equivalent. 
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